A detailed multi-wavelength study of the properties of the triple-peaked AGN Mrk 622 showing different aspects of the nuclear emission region is presented. Radio, near-and mid-infrared, optical and X-ray data has been considered for the analysis. In the optical, the WHAN diagnostic diagrams show that the three nuclear peaks are strong active galactic nuclei since the EW of Hα is > 6Å and log [NII]λ6584/Hα ratio is > -0.4. Optical variability of both the continuum flux and intensity of the narrow emission lines is detected in a time-span of 13 years. The size of the narrow line region is found to be 2.7 pc, with a light-crossing time of 8.7 y. Analysis done to an archival Hubble Space Telescope image at 1055.2 nm shows that the host galaxy has a 3.6 kpc inner bar with PA = 74 • , faint spiral arms and a pseudobulge, evolving through secular processes. High resolution mid-infrared images obtained with the Gran Telescopio Canarias (GTC) and the instrument CanariCam show that the nuclear emission at 11.6 µm is not spatially resolved. Very Large Array archival observations at 10 GHz reveal a core source with a total flux density of 1.47 ± 0.03 mJy. The spectral index of the core between 8 and 12 GHz is -0.5 ± 0.2, characteristic of AGN. The core deconvolves into a source with dimensions of 82 ± 13 mas × 41 ± 20 mas, and a PA = 70 ± 18 deg; which suggests that the core is elongated or that it is constituted by multiple components distributed along a ∼65 • axis.
INTRODUCTION
Galaxy mergers have been predicted to be the sites of major accretion episodes. Simulations show that they induce strong inflows of gas towards the central region of galaxies via loss of angular momentum. They are also predicted to play a major role in the growth of super-massive black holes (SMBHs) with masses in the range of 10 6 -10 10 M and in the triggering of Active Galactic Nuclei (AGN) (e.g., Ko-Email: erika@astro.unam.mx cevski et al. 2015; Satyapal et al. 2014; Ellison et al. 2011 ). So-called major mergers are found to be associated with very luminous AGN, i.e., those with L ≥ 10 46 erg s −1 , and are thought to be responsible of the growth of SMBHs that have M BH ≥ 10 8 M . Major mergers can also trigger central bursts of star formation (SF) and produce a remnant spheroidal galaxy or a galaxy with a large bulge (Barnes & Hernquist 1991; Max et al. 2007; Hopkins et al. 2008 ). Moreover, semi-analytic models predict that low to intermediate luminosity AGN, i.e., Sy galaxies with L ∼ 10 42 -10 44 erg s −1 , evolve via minor mergers. In this case, the interaction con-sists of a massive galaxy capturing a gas-rich dwarf galaxy (a satellite galaxy) that is capable of triggering and fueling the AGN activity (see Hernquist & Mihos 1995; Aguerri et al. 2001; Neistein & Netzer 2014) .
Since it is well known that SMBHs are commonly found in the centre of low redshift massive galaxies (see Kormendy & Richstone 1995; Cattaneo et al. 2005; Ferrarese & Ford 2005) , it is expected that a merger system should contain two approaching SMBHs. The so-called "dual active galactic nuclei" (hereafter, dual-AGN) are proposed to be the result of galaxy merging, with each one having an actively accreating SMBH in its center, with a typical size separation of the order of ∼ kpc (e.g., Gerke et al. 2007; Xu & Komossa 2009 ). Dual-AGN correspond to a phase in the evolution of the merger, which is predicted to last ∼100 Myr before coalescence takes place (Begelman et al. 1980 ). Recent simulations show that minor and major mergers results in dual-AGN lasting in such phase during ∼ 20 -70 Myr and ∼ 100 -160 Myr, respectively (Capelo et al. 2017) . During the dual-AGN phase, both the AGN and the starburst (SB) activity are found to be more vigorous (e.g. Van Wassenhove et al. 2012; Blecha et al. 2013) .
During the AGN accretion process, the majority of the SMBHs are found to be obscured by large amounts of gas and dust. There is evidence indicating that the absorbing material surrounding the SMBHs increases during the later phases of the merging sequence (e.g., Ricci et al. 2017; Satyapal et al. 2017; Lanzuisi et al. 2015) . It has also been found that the fraction of Compton-Thick AGN (CT; where N H ≥ 10 24 cm −2 ) is larger in late mergers. Recent studies of CT AGN support the idea that obscured AGN are connected with merger activity (e.g., Kocevski et al. 2015; Koss et al. 2016; Ricci et al. 2017; Koss et al. 2018) .
In recent years, very few kpc-scale separation dual-AGN have been confirmed through X-ray, optical or radio observations (e.g., Komossa et al. 2003; Koss et al. 2011; Comerford et al. 2015; De Rosa et al. 2018; Müller-Sánchez et al. 2015; Rubinur et al. 2019) . The separation of the two SMBHs in dual-AGN defines the evolutionary state of the system. If the two SMBHs are separated by ∼ pc scales they are denoted as binary AGN since they are now forming a bound pair. Some authors suggest that dual and binary AGN are systems with separations ≤ 10 kpc and ≤100 pc, respectively (e.g. Burke-Spolaor et al. 2014) .
To confirm that an object is a dual or binary AGN, high-resolution imaging and spectroscopy observations are required. Up to recently, only one object is considered to be a confirmed binary AGN that has two SMBHs separated by 7 pc (Rodriguez et al. 2006) . A few candidates of binary SMBHs have since been suggested by (e.g., Kharb et al. 2017a; Rubinur et al. 2017) . Insofar as dual-AGN, very few have been confirmed (see Rubinur et al. 2019) . Identifying that an AGN is binary is crucial for understanding the final stages of galaxy mergers. In particular, binaries separated by less than one parsec are expected to emit gravitational waves (GW), leading to the final binary SMBHs coalescence (e.g., Colpi 2014) .
Initially, finding AGN that show double or triple peak narrow emission lines in their spectra was considered as evidence for harboring dual or binary AGN (Wang et al. 2009; Liu et al. 2010; Smith et al. 2010; Fischer et al. 2011 ). However, double-peaked emission lines can instead be trac-ing AGN with peculiar kinematics, such as biconical outflows, winds, jet-cloud interactions (e.g., Crenshaw & Kraemer 2000; Xu & Komossa 2009; Fischer et al. 2011; Rubinur et al. 2017; Kharb et al. 2017b; Jaiswal et al. 2019) . Hence, double-peaked narrow emission lines are rarely found to be due to a dual or binary AGN system(e.g., Nevin et al. 2016; Comerford et al. 2018 ) and follow-up observations are therefore necessary to confirm the existence of a SMBHs pair among the available candidates.
It is however important to mention that the physics related to the AGN triggering mechanism is still under debate (e.g., Ellison et al. 2019, and references therein) . Some studies find that AGN triggering may instead be linked to the host galaxy evolution (e.g., Di Matteo et al. 2005; Capelo et al. 2015 Capelo et al. , 2017 . In particular, low to intermediate luminosity AGN are proposed to evolve through secular processes, internal to the host galaxies, which last longer than the dynamical timescales (see Storchi-Bergmann & Schnorr-Müller 2019; Hopkins et al. 2014) . Secular evolution generates barlike structures, which live longer than the mergers, can also drive gas to the inner regions, creating a pseudobulge which has a central black hole mass in the range of M BH = (1-3) × 10 7 M (e.g., Hopkins et al. 2014; Hopkins & Hernquist 2009 ). Minor mergers, however, that involve satellite accretion, do not damage the galactic disks (see Aguerri et al. 2001) .
Our target AGN, Mrk 622, was recently found to show evidence, at optical wavelengths, of triple-peaked narrow emission lines. The analysis of this Seyfert 2 galaxy (Sy 2) was done with data obtained with the William Herschel Telescope (WHT ). Mid-resolution spectra showed that the central peak is due to a SB+AGN source, while the blue and red-shifted components occupy the locus of AGN in the Baldwin, Phillips and Terlevich diagnostic diagrams (BPT; Baldwin et al. 1981) . These results along with the spatial separation of the line peaks have been interpreted by Benítez et al. (2018) as evidence for a candidate binary AGN being present in Mrk 622.
In the current follow-up work, a multi-wavelength study of Mrk 622 is presented that is based on several observing facilities. Since the possibility of a binary AGN has to be tested via observations of both nuclei, all the available Hubble Space Telescope (HST) archival NIR data have been carefully analysed. Furthermore, mid-IR observations obtained with CanariCam attached to the Gran Telescopio Canarias (GTC) are presented and included in our analysis. Finally, archival X-ray (XMM-Newton), mid-infrared (Spitzer/IRS) spectroscopy and radio continuum (VLA) observations are also included to complete our study.
Since this work is a multi-wavelength study, at the end of each section or subsection presented below, a physical explanation of the observations is given. The discussion section will function to incorporate all of these individual discussions into one. Section 2 deals with the analysis of the optical spectra obtained with both the WHT and the SDSS telescopes; section 3 covers the analysis of the NIR HST image, while section 4 presents the mid-infrared data, followed by section 5, which goes over the X-ray and mid-infrared data analysis. Section 6 shows the radio maps analysis and section 7 is dedicated to an overview of our results while a final discussion is presented in section 8.
Throughout the paper we adopt a cosmology where H 0 = 69.6 km s −1 Mpc −1 , Ω m = 0.286 and Ω λ = 0.714 (Bennett et al. 2014 All the lines in both spectra were resolved into blue-shifted, red-shifted and systemic velocity (central) components. Note that the time-span between the SDSS-DR7 and the WHT spectra is somewhat larger than 13 years. In Paper I, the WHT spectrum shows that between the blue and red-shifted components, the angular projected spatial offset is ∼0.81 ± 0.4 pixels or ∼0.16 . This offset was calculated using the IRAF/IMCENTROID routine. The derived spatial separation at the distance of Mrk 622 between the blue and red components, both assumed as AGN, is ∼76 pc (c.f., Figure 2 in Paper I and this work in Figure 12(b) ). Figure 1 shows the spectra from both telescopes, with the WHT shown in black and the SDSS in blue. For comparison purposes, Figure 2 shows an archive image of Mrk 622 from the SDSS-DR7 data set in which a central circle delineates the size of the SDSS fiber of 3 . Overlaid to it is the slit used with ISIS at the WHT, which has a size of 4 × 1 . The position angle of the ISIS slit was PA∼ -92 • . Since the aperture used to extract the spectra from the WHT observations was chosen to be 3 , both telescopes present an equivalent spatial coverage. However, the actual spatial sampling might slightly differ as there is no way to determine the exact position of either telescope during the observations. The data from both telescopes were calibrated using spectrophotometric standard stars. The resulting spectra are shown in Figure 1 . In order to facilitate comparison, the lower panels show three selected spectral sections. The blue spectra were vertically displaced in order that they overlap at the specific wavelengths given in the caption. The important result is that the spectra show clear differences in continuum flux (upper panel) and in the line fluxes of the narrow line region (NLR). These differences, which we presume are not the result of detector positioning error, will be analysed in detail in the next subsections.
Emission line fluxes and classification
In Table 1 and Table 2 , the line fluxes, the FWHM and the equivalent widths (EW) for the important emission lines are presented, for the WHT and SDSS spectra, respectively. These parameters were estimated under the assumption that each set of lines is properly fitted using a three Gaussian components model (3G model). The continuum flux and line intensities of Mrk 622 are found to be more luminous in 2015 with respect to the previous SDSS data taken ∼13 yr earlier. Note that all the lines from the WHT spectrum have increased in flux with respect to the earlier SDSS observations. The dominant source of this flux increment is the central component, although both the red and blue component fluxes have also increased. To complement both tables, we present in Table 3 the Hγ and [OIII]λ4363 results on the profile modelling with the 3G model. It is interesting to note that the [OIII]λ4363 is detected only in the WHT. The detection of this weak emission line is crucial, since it enables to estimate the density of the [OIII] emitting gas using the approach of Baskin & Laor (2005) . More details on the method used are presented in subsection 2.2 below.
It is also found that the centroid of the red component of the [OI]λ6300 emission line is displaced by 8.6± 0.9Å, i.e., by ∼420 km s −1 from the systemic velocity (represented by the vertical dashed line in the upper panels of Figure 3 ) in the WHT spectrum. Such is not the case in the SDSS spectrum. Moreover, the observed flux ratios between the blue and red components have grown from just 1 (SDSS ) to a factor 2.2 (WHT ).
Comparison of the doublet [SII]λλ6716,6731 line intensities between WHT and SDSS clearly show significant variations of both the central and red components, see lower panels of Figure 3 . The observed decrease in the
ratio, if real, would imply a density increase over time of the emission gas, provided the changes are not the result of on-source off centered observations or of using a slightly different spatial resolution.
When the line ratios from the WHT of the three components are plotted in the BPT diagrams (c.f., Figure 3 in Paper I), one finds that both the blue and red-shifted components lie on the AGN locus in each of the three diagrams. On the other hand, the systemic velocity component (i.e., the central component) lies on the Starburst (SB) region in two of the BPT diagrams, while for the [OIII]/Hβ vs.
[NII]/Hα diagram, it lies within the AGN+SB region. Therefore, the BTP diagrams give us an ambiguous classification for the central component. In BPT diagrams where the line ratios fall in the locus of AGN+SB, suggests the presence of an old, ionising stellar population (Stasińska et al. 2008) provided that the emission of the Hα equivalent width is of order of a fewÅ (Binette et al. 1994) .
The line ratios obtained from both telescopes were shown in Table 3 of Paper I. The corresponding BPT diagnostic diagrams of the intensity ratios estimated from both WHT and SDSS are now presented in Figure 4 , which show that the position of the blue and red components are now in close agreement, although a small displacement can be observed between the red components due to the changes in the different line intensities.
Therefore, in order to verify the ionisation origin of the three components, the WHAN diagram ([NII]λ6584/Hα vs. EW(Hα) ought to be used to classify the line emission from Mrk 622. Such diagram was proposed by (Cid Fernandes et al. 2011) and (Stasińska et al. 2015) and is the result of the analysis of ∼700,000 galaxies of the SDSS-DR7 data release. Cid Fernandes et al. (2011) have shown that it provides a more reliable classification than the one found using BPT diagrams, since the separation of SF and AGN galaxies is well defined. In the WHAN diagram, strong AGN sources (sAGN) have log [NII]/Hα > -0.4 and EW(Hα) > 6Å; weak AGN (wAGN) have log [NII]/Hα > -0.4 and 3 < EW(Hα) < 6Å ; retired galaxies (RG) have EW(Hα) < 3Å ; passive galaxies (lineless galaxies) have both EW(Hα) and EW[NII] < 0.5Å ; and pure Star Formation galaxies (SF) have log [NII]/Hα < -0.4 and EW(Hα) > 3Å.
In the last column of Tables 1 and 2, the EW(Hα) values obtained for each component are presented. Using these values, the three peaks of Mrk 622 were positioned in the WHAN diagram (see Figure 5 ), superimposed to the locations of their proposed classification, which was previously reported by Cid Fernandes et al. (2011) and presented in their Figure 6 for the SDSS-DR7 galaxies.
From both spectra, the inferred values for the central, blue and red components are EW(Hα) > 6Å and log [NII]/Hα > -0.4, indicating that the three components classify Mrk 622 as a sAGN.
It is important to note that the central component has log[NII]/Hα ∼ -0.1 in both the WHT and SDSS spectra. For this particular component, in the BPT diagrams its classification is found to be ambiguous (see Figure 4 ), but in the WHAN diagram it is clearly classified as sAGN.
Using the WHT spectrum, the total spatial width of the Hα emission was estimated, following the subtraction of the seeing contribution in the spatial direction. The size of the Hα emitting region turns out to be 3.26 kpc. This extended emission region might be produced by a starburst-driven outflow (Veilleux et al. 2005 , and references therein), since outflows are driven primarily by the kinetic energy from massive stars. In a similar way, the size of the [OIII]λ5007 emission region is found to be 0.90 kpc. The extended emission of [OIII]λ5007 might instead be produced by AGNdriven outflows or winds.
Optical Variability Analysis
In the context of the unified scheme for AGN (Antonucci 1993) , where all AGN are assumed with strong similarities, Sy 2 galaxies (Type II AGN) are proposed to have a hidden broad line region (BLR) due to obscuration along the observer's line of sight. Nevertheless, the unified scheme has found problems explaining Sy 2 that either cannot form a BLR or lacks the surrounding obscuring medium, i.e., like those called true Sy 2 objects. A distinct way to explain obscured and unobscured AGN arises when variations in the X-ray spectra of AGN that are found to occur in timescales of few years. The variations show changes from Comptonthin to reflection dominated or Compton-thick AGN, and were named as "changing look" (CL) AGN (Matt et al. 2003; Bianchi et al. 2005) . This, however, is similar to what has been observed in nearby AGN since the 80s in the optical bands, particularly in Seyfert galaxies that change their Sy type, from Sy 1 to Sy 2 or changes to intermediate Sy types like Sy 2 to Sy 1.5, etc. (e.g., Penston & Perez 1984; Shapovalova et al. 2010; Denney et al. 2014; LaMassa et al. 2015; Mathur et al. 2018; Kollatschny et al. 2018, and references therein) .
The case of Mrk 622 is intriguing given the variations of its continuum and NLR line intensities, which suggest a variability time-span as short as 13 years (see Figure 1 ). In general, the NLR is expected to vary on a much longer timescales (beyond several decades or more) as a result of a significant light-crossing timescale as well as longer re-combination timescales. To qualify whether variations on a time-span less than a decade are real, an estimation of the NLR size is required in order to estimate its light-crossing time.
For this purpose, we adopted the single-zone approximation NLR model of Baskin & Laor (2005, hereafter, BL05) , who derived the relationship R N LR = 40 L 0.45 44 pc, where L 44 is the Hβ luminosity in units of 10 44 erg s −1 . The BL05 one-zone model assumes that Hβ, [OIII]λ5007 and [OIII]λ4363 originate in a single zone with homogeneous gas properties. Also, these authors present an approximation known as the two-zone model, in which the [OIII]λ5007 is assumed to be emitted in the outer region of the NLR where the density is lower, whereas the [OIII]λ4363 is produced in an inner high-density component.
The total estimated Hβ luminosity (the luminosity from the three components) that was obtained from the WHT spectrum is L Hβ = 2.41 × 10 40 ± 6.25 × 10 37 erg s −1 . Nevertheless, the Balmer decrement estimated also for the three components is Hα/Hβ = 5.65±0.10, so it is convenient to make a correction due to intrinsic reddening. After applying this correction, and using the BL05 relationship, the size of the radius of the NLR is R N LR = 2.7 pc, and the lightcrossing time is l ct = (R N LR )/c = 8.7 yr. At face values, these estimates are consistent with the evidence of intrinsic variability of the lines, although we cannot rule out the possibility that the different pointing position of both telescopes might be the cause of the reported variations, given that the WHT might potentially be sampling a more inner region of the NLR.
The [OIII]λ4363 emission line was detected with the WHT telescope, see the lower panel of Figure 6 . The blue and red components of this line are buried in the noise. Only the central component has enough signal-to-noise ratio (S/N) to enable the calculation of electron density in the framework of the BL05 one-zone model by means of the following ratios: log([OIII]λ4363/[OIII]λ5007) = -0.8 and log([OIII]λ5007/Hβ) = -0.2. This ratios were transformed to obtain the corresponding values of density n e , see Figure 3 in BL05. The results is n e ∼ 3.5 × 10 6 cm −3 . Since the critical densities for [OIII]λ5007 and [OIII]λ4363 are 7 × 10 5 cm −3 and 3.3 × 10 7 cm −3 , respectively, the density found with our data and the one-zone BL05 approximation lies in between both critical density limits. The use of the [OIII]λ4363/[OIII]λ5007 ratio to estimate the density is valid when the density is not much above or below the two critical densities (Osterbrock 1989 ).
This result is consistent with our observations since it is compatible with NLR variations over a decade-long time-span. The other important timescale is that required for the ionised gas to reach a new equilibrium when the ionising source varies. The recombination timescale given by τ rec = (n e α B ) −1 s can be estimated using the derived electron density n e and assuming a T = 10000 • K and case B recombination (Osterbrock & Ferland 2006) . Therefore, for n e ∼ 3.5 × 10 6 cm −3 and a recombination coefficient of α B = 2.6 × 10 −13 cm 3 s −1 , the recombination timescale is τ rec = 1.1×10 6 s or ∼ 13 days. This result yields a very short recombination timescale. Therefore we can expect the [OIII] emission gas to rapidly change when the ionising continuum varies.
Using the WHT spectrum, an estimate of the bulge stel-lar velocity dispersion and black hole mass for Mrk 622 were given in Paper I, the obtained values are: σ = 178 ± 9 km s −1 and the log M BH = 7.50 ± 0.12 in M units. Using these estimates, an Eddington-ratio of λ E dd ∼ 0.01 is obtained (see Table 4 ). This is consistent with the derived value of the accretion rate M ∼ 0.01 M yr −1 . The radius of influence is
3±0.1 pc, and hence is larger than the estimated NLR radius of 2.7 pc. The density inferred using the one-zone model is worth noting as it reverses the trend found by Nagao et al. (2001) ; Bennert et al. (2006, and references therein) who showed convincing evidence that Sy 1 NLR densities are much higher than that of Sy 2's, yet Mrk 622 belongs to Type II category since it has no visible 1 BLR. In short, the NLR densities of Mrk 622 are high as far as the high excitation [OIII] emission gas is concerned and conversely occupy a small volume along the ionising cone axis. This factor would explain why the 4363Å [OIII] line could vary on a relatively short timescale. To account for variations, we favor a model where the stronger nuclear ionising radiation reaching the NLR is much intense than 13 years ago, resulting in an increase of the 4363/5007 ratio. Such an ionisation front should lead to an increase in temperature until the photoionised gas locally reaches its new ionisation and thermal equilibrium. Timedependent photoionisation calculations are in order.
In the context of LINERs, Eracleous et al. (1995) calculated the evolution of the line intensities when the ionising source undergoes periodic pulse-like intensity variations. The authors averaged the line emission variations over many UV pulses and across a large NLR volume assumed. In this situation, light travel effects can be neglected since they cancel out. If adapted to Mrk 622, such a scenario would require significant modifications. The time-dependent calculations shown in their Figure 2 , with U = 0.0045 and a power-law ∝ ν −1.5 with an on-pulse duration of 30% of the recombination timescale, show a decrease of a factor 2.7 of 4363/5007 from the peak value at the onset of the pulse with respect to the ratio near equilibrium value when the pulse turns off. Hence, an increase in intensity is expected to favor larger intensities for 4363 at the onset of the ionisation front.
The results from our analysis support the idea that the intensity variations observed in the optical spectra of Mrk 622, are produced inside a zone of the NLR that is very compact, has a very high density and lies close to the nucleus, favoring a time-dependent evolution of the line luminosities. It is worth noting that Denney et al. (2014) report NLR variability in the CL Sy Mrk 590, where the distance of the NLR emission region is found to be 3 pc from the central source.
NIR PHOTOMETRIC DECOMPOSITION
An HST archival image was downloaded and analysed in order to study the structural parameters of the host galaxy of Mrk 622. This image was acquired with the WFC3 in March 12 2012 with the F105W filter (Y-wide, central λ = 1055.2 nm and width = 265 nm), with an exposure time of 238.7 seconds (proposal 12521 PI: X. Liu). Taking a look at the image it is possible to see the existence of a bar in the host galaxy. The left panel of Figure 7 shows the result obtained after unsharp masking the image. The right panel shows logarithmic contours. Both panels clearly show the presence of a bar-like structure. Following the method described by Erwin (2004) and references therein, it is found that the bar has a semi-major axis L bar = 3.85 ± 0.26 , adopting as L bar the position where the ellipticity is largest. At the object's distance, this size corresponds to 1.82 kpc, so the length of the bar is 3.64 kpc. The bar has a position angle of ∼74.0 ± 1.5 degrees and it is somewhat a small bar for an early-type galaxy, but larger than a typical secondary or inner bar, which usually extends from 240 to 750 pc (see Erwin & Sparke 2002) .
On the other hand, the HST NIR image was mod-elled using Imfit (Erwin 2015) 2 with a Sérsic profile for the bar and bulge and an exponential law for the disk (Sersic 1968). The results show that the bulge is best fitted with a Sérsic index n = 1.128 ± 0.004. The bar was best fitted using boxy ellipses with a Sérsic index n = 0.605 ± 0.001 and P A = 74.6 ± 0.02 (in agreement with the value calculated with the method described in the previous paragraph).
A spheroidal component (a classical a bulge) is proposed to form as a result of rich galaxy mergers (e.g., Barnes & Hernquist 1991; Hopkins et al. 2010) . Classical bulges have a Sérsic index n between 2 ≤ n ≤4. On the other hand, the so-called pseudobulges are found to be formed through dynamical instabilities in disk galaxies. Angular momentum transport by the bar builds inner and outer rings and drives gas to the center where SF is triggered. They are dynami- cally cold and have Sérsic indices n ≤ 2, with velocity dispersion intermediate between those of classical bulges and disks (see Kormendy & Kennicutt 2004; Fisher & Drory 2008) .
Therefore, the structural parameters found in Mrk 622 hint towards secular evolution of the host galaxy (see Kormendy 2013, and references therein). This is supported by its morphology; the galaxy shows an inner ring, that probably coincides with the inner Lindblad resonance (ILR) and also an outer and fainter external ring. So, the de Vaucouleurs classification for the host galaxy is (R)SB(rs)b. The left panel of Figure 8 shows the HST archival NIR image, middle shows the best model obtained, and the right panel shows the residual image. The residual image shows no evidences of tidal tails. So, if a merger did happened it is now in a late evolutionary phase. The bar found can drive cold gas to the nuclear region that accumulates and triggers star formation (e.g., Combes 2007) .
The plate scale of the HST image is 60.8 pc per pixel at the distance of Mrk 622. Therefore, the NIR HST image cannot resolve the nuclear region at the resolution needed to show a possible double nucleus separated by ∼76 pc (0.16 , see section 2 and Figure 12(b) ).
MID-INFRARED OBSERVATIONS AND DATA REDUCTION
High spatial resolution mid-infrared images of Mrk 622 were obtained using CanariCam (Telesco et al. 2003 ) on the 10.4m Gran Telescopio Canarias GTC (TC3-14BIACMEX, P.I.: I. Cruz-González). Observations were done in December 5 2014 using the Si5 filter at 11.6 µm. The on-source integration time was 1260 seconds. CanariCam uses a Raytheon 320×240 Si:As detector that covers a field of view (FoV) of 26 ×19 on the sky with a pixel scale of 0.08 . Canari-Cam has a spatial resolution range of 0.3 to 0.6 , depending on wavelength, which corresponds to 142 up to 283 pc at the distance of the object. Standard mid-infrared choppingnodding techniques were used to remove the time-variable sky background, the thermal emission from the telescope, and the detector 1/f noise. The instrument position angle, chopping and nodding throws, chop and nod position angles were 90 • , 10 , 10 , -180 • , and 0 • , respectively. An image of the point spread function (PSF) of the standard star was obtained with the same filter immediately before the science target, to accurately sample the image quality and for flux calibration of the target observation. The exposure time for this standard star was set to 66 seconds. Each observing block was processed using the pipeline RedCan (González-Martín et al. 2013 ). This process enables to produce flux-calibrated images and wavelengthand flux-calibrated spectra for CanariCam/GTC and T-ReCS/Gemini low-resolution data. Using the standard star we have computed a flux calibration factor of 4.27×10 −5 Jy ADU −1 s −1 (included automatically by RedCan as a keyword called FLUXCAL in the headers).
In order to investigate the extension of the target, the image of the standard star and the target were fitted with a 2D Gaussian profile. The PSF of the standard star has a width of 0.40 × 0.34 , while the target width is 0.40 × 0.37 . So, the widths found for both the star and the source are quite similar. Therefore, we infer that the mid-infrared image of Mrk 622 does not allow resolving the nuclear source (see Figure 12(c) ). At the distance of Mrk 622 this width corresponds to 189 pc × 175 pc. By fitting two 2D Gaussian profiles to the target source we find that any possible extended structure is negligible (contributing less than 2% of the flux). Finally, the total flux of Mrk 622 calculated at 11.6 µm is 79 ± 12 mJy, i.e., (2.0 ± 0.3) × 10 −11 erg s −1 cm −2 . The CanariCam/GTC observations are summarized in Table 4 .
Ground-based CanariCam/GTC images were combined with archival Spitzer /IRS low resolution spectrum downloaded from the Combined atlas of sources with Spitzer /IRS spectra (CASSIS 3 ). The spectrum was observed on April 15 2005. CASSIS automatically identified the spectrum as point-like (i.e., 3.6 -4.5 ) and therefore used optimal extraction to produce the resulting spectrum. The code decompIRS (Hernán-Caballero et al. 2015) was used to decompose the Spitzer /IRS spectra into the nuclear (i.e., AGN dust) and circumnuclear (ISM and stellar) components. The result of this decomposition is shown at the top panel of Figure 9 . According to this decomposition, above 90% of the Spitzer /IRS 12 µm flux is dominated by AGN dust. However, we note that this decomposition might not be correct according to the X-ray luminosity of Mrk 622 (see Section 5).
MIR AND X-RAY DATA ANALYSIS
Mrk 622 was observed by XMM-Newton in 2003. Based on this observation two independent analysis were performed by Guainazzi et al. (2005) and Corral et al. (2014) , henceforth G05 and C14 respectively, both of them as part of a systematic analysis of samples of obscured AGN. The S/N ratio of the data does not allow a very detailed analysis, however some important parameters can be recovered. According to G05, the source can be fitted with a composite model that includes a power-law associated to the AGN innermost emission, a thermal emission from a collisionally ionised plasma (Mewe et al. 1985) , and a narrow Gaussian Fe Kα emission Kewley et al. (2001) , the dashed line marks the pure star formation region found by Kauffmann et al. (2003) , and the dotted-dashed lines divide Seyferts/LINERS accordingly to Kewley et al. (2006) . Blue-shifted, red-shifted and central components are shown in blue, red and black colours. line at 6.4 keV. The index of the power-law was fixed to 2, the typical value for AGN (e.g., Piconcelli et al. 2005) . The temperature associated to the measured thermal emission is 0.59 +0.09 −0.21 keV and the upper limit for the equivalent width (EW) of the iron line is 1600 eV. The 2-10 keV and [OIII] flux ratio indicates a Compton-Thick (CT) nature, see G05. 2011) and shows the distribution of 700,000 galaxies from the seven data-release of the SDSS. Their Figure 6 distinguishes between strong AGN (sAGN), weak AGN (wAGN), retired galaxies (RG), passive galaxies and SF galaxies.
Therefore, the hydrogen column density (N H ) was assumed to be higher than 1.6 × 10 24 cm −2 . The high value of the EW of the Fe K α line is also an indication of the CT nature of Mrk 622. Observations by G05 report a 2-10 keV flux of 2.2 × 10 −13 erg s −1 cm −2 . A separate analysis of the same XMM-Newton observation was performed by C14. In this case, the best-fit model includes a double power-law model plus, a narrow emission Fe line and a thermal component: zwabs(zpowerlaw +Feline)+ (zpowerlaw + mekal). This model accounts for the intrinsic emission of the AGN (power-law and Fe emission line) which is partially absorbed and partially scattered by absorbing material in our line-of-sight. The thermal contribution is not affected by the absorbing material. The indices of the power-law components were fixed to 1.9 following the same argument of G05. The contribution of the scattered emission of the power-law is only 6%. The resulting temperature of the thermal component is 0.7±0.2 keV and the EW of the iron line is 900 +700 −600 eV. All of these parameters are compatible within the errors with the results obtained by G05. Interestingly, C14 left the value of the N H free, measuring a value for the N H of 4 +3 −2 × 10 23 cm −2 . Although the value of N H is well below the limit established for CT objects, that is 1.5×10 24 cm −2 , the authors classify Mrk 622 as a CT candidate, based in the high measured EW of FeKα line. The observed flux and the intrinsic luminosity measured in the 2-10 KeV band by C14 are 2.15 × 10 −13 erg s −1 cm −2 and 8.71 × 10 41 erg s −1 , respectively.
Many authors have found a tight correlation between the 2-10 keV X-ray and the 12 µm emissions (e.g., Gandhi et al. 2009; Asmus et al. 2015) . If the whole X-ray emission, in the 2-10 keV band, is assumed to arise in the AGN, an estimation of the expected 12 µm flux associated to the AGN can be obtained. This assumption is very reasonable as we expect a very minor contribution in the 2-10 keV of X-ray flux associated to a thermal emission at the temperature obtained for Mrk 622, 0.4-0.9 keV. Therefore, using the correlation in Gandhi et al. (2009) 4 and the C14 measurement of the flux F 2−10 keV , the estimated flux at 12 µm associated to the AGN is only 4.4 mJy. This value corresponds to 6% of the total flux measured by CanariCam/GTC.
In order to understand this discrepancy three scenarios have been considered: The first one takes into account that the contribution of the AGN represents only the 6% of the whole MIR emission measured by CanariCam/GTC and the 4 log F 12µm + 11 = 0.35 + 0.79 (log F 2−10 k eV + 11) remaining comes from other contributors. In order to test this scenario the Spitzer /IRS spectrum of Mrk 622 has been fitted using the DecompIRS code.
The Spitzer /IRS spectrum of Mrk 622 was downloaded using CASSIS 5 . The spectrum was extracted as point-like and the estimated limit on the size of the point-like source is 1.13 (i.e., ∼545 pc). Figure 9 uses empirical spectra to decompose Spitzer /IRS spectra into three components: AGN (red long-dashed line), stellar (blue dot-dashed line) and ISM (or PAH dominated, green dotted line), see top panel of Figure 9 . The yellow short-dashed shows the combined spectrum. In spite of the strength of some emission lines, the combined spectrum re-produces well the observed Spitzer /IRS spectrum. The AGN component dominates the emission, contributing in 75 % to the total emission in the 5-29 µm region. The stellar component is negligible and the ISM component contributes in 25 % to the 5-29 µm emission. The flux associated to the AGN component at 12 µm is ∼ 58 mJy. According to the re-sults of this fit, the most important contribution comes from the AGN, followed by the ISM, and a minor contribution of the stellar population is reported. This result does not agree with having a 6 % contribution of the AGN to the Canari-Cam/GTC fluxed derived from the X-ray flux estimation.
The Spitzer /IRS spectrum was fitted again but now fixing the contribution of the AGN at 12 µm to the value derived from the X-ray flux of 4.4 mJy. The contribution of the stellar and ISM component were then left free to vary to fit the data. The result of this modeled spectrum can be seen in the lower panel of Figure 9 . In this model, the most important contribution to the IR emission comes from the ISM. Although a reasonable fit is found below 17 µm, the model fits poorly the data between 17 and 25 µm. Therefore, we can conclude that a major contribution of the ISM or stellar components to the whole IR emission to explain the discrepancy between X-ray and IR flux is not plausible.
The possibility that the absorption of Mrk 622 is underestimated in the X-ray analysis performed by C14 is the third scenario considered. The discrepancy between X-ray and MIR emission emerges when the empirical relation between these fluxes is used. However, Gandhi et al. (2009) claim that the intrinsic X-ray luminosity, i.e., corrected by absorption, can also be used to estimate the MIR luminosity using: log(L M I R /1 × 10 43 ) = 0.19 + 1.11 log(L 2−10 keV /1×10 43 ). Both G05 and C14 have found similar values of the 2-10 keV flux, ∼2.2 × 10 13 erg s −1 cm −2 . C14 reports an intrinsic luminosity of 8.71 × 10 41 erg s −1 , corrected from an absorption of 4 × 10 23 cm −2 , a value well below the CT limit. G05 only reports the contribution of the thermal component to the X-ray intrinsic luminosity, 4.1 × 10 40 erg s −1 , very low compared with value reported by C14 even if the value of the N H is higher in G05 fit, 1.6 × 10 24 cm −2 . This is due to the fact that the contribution of the thermal component in the 2-10 keV is minimum as the peak temperature of the plasma is only 0.6 keV. We have derived, using Xspec package, the intrinsic luminosity in the 2-10 keV expected to arise from the AGN, i.e., associated to the power-law component of the G05 model. The resulting value, neglecting the contribution of the iron line and fixing the N H value to 1.6 × 10 24 cm −2 , is 8.6 × 10 42 erg s −1 , one order of magnitude above the luminosity calculated by C14. This is due to the fact that G05 and C14 analysis apply different values of N H . For the analysis of C14, the value of N H (4 × 10 23 cm −2 ) was derived fitting the spectrum, on the other hand, in the analysis of G05, the value of N H (1.6 × 10 24 cm −2 ) was imposed assuming that Mrk 622 is a CT object. For CT objects, N H is better determined when the Xray spectrum reaches energies above 10 keV, as the majority of the emission below this value is absorbed by the high Hydrogen column. A deep high X-ray observation (i.e., NuStar ) would be very useful to better estimate the value of N H for Mrk 622.
Using the relationship reported by Gandhi et al. (2009) applied to the X-ray luminosity, results in an estimated MIR luminosity of 1.4 × 10 44 erg s −1 , which can explain the observed CanariCam emission, and at the same time allow us to reproduce the Spitzer data using the same model shown in the upper panel of Figure 9 . Now, the contribution of the AGN in the MIR can explain the observed CanariCam flux and we do not need to limit its contribution to the Canari-Cam flux.
Finally, we also consider the possibility that Mrk 622 is variable in the X-rays. Many studies have shown that the X-ray emission of AGN can be highly variable. An order of magnitude variability in X-rays is frequently observed in AGN even in timescales of weeks (i.e., Risaliti et al. 2005) . If this is the case for Mrk 622, it may be possible that the AGN was in a low state in X-ray during the epoch that the Spitzer observation was performed (in 2005) . In order to reproduce the observed MIR fluxed measured with Canari-Cam, 79 mJy, using the empirical relationship by Gandhi et al. (2009) , an increment of the X-ray flux of one order of magnitude would be necessary. Such variability changes in AGN are not uncommon. It is worth noting that the study of Asmus et al. (2015) was not carried out with simultaneous observations. However, this hypothesis can only be tested if X-ray and mid-IR simultaneous observations are available.
RADIO VLA DATA ANALYSIS
Faint Images of the Radio Sky at Twenty centimetres (FIRST) using the NRAO Karl G. Jansky Very Large Array (VLA) report the detection of Mrk 622 at 1.4 GHz (Becker et al. 1995; Condon et al. 1998) with an integrated flux of 9.0 ± 0.5 mJy. Data archives from the VLA, Verylong-baseline interferometer (VLBI) and European VLBI Network (EVN) were used to look for observations of this source. So far, no VLBI observations exist.
VLA observations at 10 GHz obtained on 6 March 2014 in the A configuration with a spatial resolution of 0.2 were analysed. These observations were part of the project 13B-020. The resulting 10 GHz VLA image is shown in Figure 10 .
The morphology of the radio source can be described as a core with a total flux density of 1.47 ± 0.03 mJy, with two faint extensions displaced ∼ 0.5 to the NE and SW with total flux densities of 0.11 ± 0.03 and 0.12 ± 0.03 mJy, respectively, that extend beyond the central 1 core vicinity into a complex faint multiple source structure.
The radio emission has been analyzed in order to confirm the possible binary nature of Mrk 622 following the procedure proposed by Müller-Sánchez et al. (2015) . The analysis is based on four criteria that helps to discriminate between dual-AGN, on one hand, and an AGN with an outflow or rotating disk on the other. These criteria are: radio morphology, size of the central bright sources, spectral index value of the compact sources, and spatial distribution of the spectral index (i.e., the spectral index image).
Dual-AGN are confirmed when the morphology of the source is double (with each component tracing one of the SMBHs) and the components are unresolved (meaning that, within the errors, their size is comparable or smaller than the size of the beam). This second criterion helps to rule out the emission from extended regions located at the center of the studied object. Finally, flat or slightly steep spectrum radio sources (α ≥ −0.8) are interpreted as AGN, while steeper spectra sources (α ≤ −0.8) emission in the surroundings can be interpreted as produced by jet components.
The VLA data of Mrk 622 shows that the core is a central elongated structure that possible consists of more than one component. So it is not possible to apply the first cri- terium of Müller-Sánchez et al. (2015) to the VLA data. In order to resolve this region, data with more resolution are needed to confirm the existence of two or three components as was previously found in Paper I.
Spatially-smoothed images with CASA 6 task RO-BUST = 2 (equivalent to natural weighting) and UVTA-PER = 300 klambda were produced. These parameters result in a synthesized beam of 0.28 × 0.22 and PA = 84 deg. Using the CASA task CLEAN the Stokes I image as well as an image of the spectral index and an image of the spectral index error were obtained. The intensity image is shown in Figure 11 (a) and the spectral index map in Figure 11(b) .
Remarkably, the spatially smoothed intensity image shows structures that are not clearly detected in the image without smoothing (c.f., Figure 10 ). The core deconvolves to a source with dimensions of 82 ± 13 mas × 41 ± 20 mas, and a position angle of 70 ± 18 degrees. This result suggests that the source is extended along a PA of ∼70 degrees or that it has multiple components along this PA. As can be seen in Figure 11 (a) faint double sources appear at about 1.5 to the NE and SW of the core. One possibility is that these external sources could be tracing the radio lobes of one or two jet systems, but a higher spatial resolution map is required to test this idea. In Figures 11(c) and 11(d) the 8.5 and 11.5 GHz maps are presented. The map at 8.5 Ghz shows the core source surrounded by a complex extended structure along PA = 70 deg, with the NE and SW multiple sources, while at 11.5 Ghz only the core is detected. The complex structure surrounding the core radio source supports the previously proposed scenario that we are dealing with a double or multiple AGN system in Mrk 622.
The spatial distribution of the spectral index (α from F ν ∝ ν α ) shown in Figure 11(b) , include points with flux densities > 30 µJy and spectral index rms error better or < 0.1. The inner parts of the image (a circle with a diameter of 1 ) have a spectral index α of about -0.5 ± 0.2, characteristic of AGN emission. The are surrounding this inner region shows a gradient in the spectral index from the NE to SW with values of α from -0.4 to -0.7. This is consistent with AGN jet studies (Hovatta et al. 2014; Müller-Sánchez et al. 2015) which show flat core and steeper jet spectral indices, with flattening of ∼0.2 at the locations of the jet components due to particle acceleration or density enhancements along the jet.
Unfortunately, the VLA images did not resolve the nuclear region, so in order to characterize the various faint components seen at 10 GHz higher spatial resolution observations are crucially needed.
RESULTS
(i) In order to verify the variability observed in the optical spectra of Mrk 622, an estimation of the size of the NLR was done using the one-zone model of BL05. The NLR has a size of 2.7 pc and the light-crossing time is 8.7 yr. These estimations support that variability of the continuum flux and the NLR of Mrk 622, if intrinsic to the source, can in occur in a time-span of 13 years. (iv) BL05 modeled the observed line ratio correlation found between [OIII]/Hβ and [OIII]λ4363/λ5007. From the line ratios observed in Mrk 622, the estimated electron density of the central component is ∼3.5 × 10 6 cm −3 . Given such unusually high NLR density for a Type II AGN, temporal variations of the [OIII] lines could be explained if they originate from a region close to the nucleus.
(v) The central, blue and red components occupy all the locus of strong AGN according to the WHAN diagram (see Cid Fernandes et al. 2011 ) of line ratio log[NII]λ6584/Hα vs. log EW(Hα). This result is consistent with the BPT diagrams for the blue and red components. Although the central one is a composite SB+AGN using the BPT diagram, the WHAN diagram indicates that it is most probably a sAGN.
(vi) Data from either the HST and the GTC/CanariCam images show that in spite of their relatively high spatial resolution, neither of them is capable of resolving the nuclear region of Mrk 622. In passing, it is found that Mrk 622 has a bar with a length of ≈ 3.64 kpc, at position angle 74 ± 1.5 degrees. The presence of a bar and a pseudobulge (Sérsic index n = 1.128±0.004) favors the scenario of secular evolution of the host galaxy.
(vii) Mrk 622 has been observed by XMM -Newton. From two different analysis found in the literature, although the measured value of the N H does not classify Mrk 622 as a CT galaxy, it is remarkable that Mrk 622 has a very high equivalent width of the Fe Kα line (≤1600 eV or 900 +700 −600 eV) 8h07m40.90s 41.00s 41.10s depending on the analysis, an obscured AGN feature, indicating a possible CT nature of the source. Also the 2-10 keV and [OIII] flux ratio indicates a CT nature, as reported by G05. Assuming that Mrk 622 is a CT source, the 2-10 keV X-ray luminosity associated to the AGN is 8.6 × 10 42 erg s −1 .
(viii) The IRS/Spitzer spectrum of Mrk 622 has also been retrieved. The relation between the 2-10 keV band and the 12 µm emission was used to test whether the 12 µm can be interpreted as originating in the same region as the X-ray emis-sion. The result is positive only assuming that Mrk 622 is a CT object, so the intrinsic X-ray luminosity is high enough to explain the whole CanariCam flux of 79 mJy and fits well the IRS/Spitzer spectrum. This is also true if Mrk 622 is considered as a Compton-thin source and its X-ray flux would have suffered an increment of one order of magnitude at the moment of the IR observation with respect to the XMM-Newton one.
(ix) Archival data at 10 GHz from the VLA of Mrk 622 were also analysed. The radio map shows a core source with two extensions to the SE and NW. When hyper resolving the image by adopting a uniform robust weighting of the VLA data, the core deconvolves into a source with dimensions 82±13 mas × 41±20 mas, and position angle 70 ± 18 degrees. This result suggests that the core is elongated or that it is constituted by multiple components distributed along an axis of ∼70 deg. At the distance of Mrk 622 the core source is within a 34 pc × 17 pc region. The image also shows that after smoothing, two faint double sources appear at about 1.5 to the NE and SW of the core, possibly associated with an AGN outflow. These faint sources were detected at 8.5 GHz, while at 13.5 GHz only the core source was detected. Furthermore, the spatial distribution of the spectral index α shows that within an aperture of 1 an AGN source is favoured since at the core α = -0.5±0.2, and it steepens towards the extended sources, as would be expected for AGN jets.
DISCUSSION
In Paper I, it is found that Mrk 622 shows triple-peak emission lines. Also, it was shown that the spatial separation between the blueshifted and red-shifted components is ∼76 pc. In this work, fits done to the triple-peaked profiles in both the WHT and SDSS spectra show that their positions in the WHAN diagram correspond to values, for the central, blue and red components, of log [NII]/Hα > -0.4 and EW(Hα)>6Å, indicating that they all occupy the sAGN position.
The extended emission regions (ENLR) measured in Hα and [OIII]λ5007 have different sizes and morphologies. Hα has an emission region with a size of 3.25 kpc which may be the result of a SB-driven outflow. This kind of starburst is known to produce winds or bubbles of Hα emission, as in NGC 6240 . The extended emission of [OIII]λ5007 has a size of 0.90 kpc and could be the result of an AGN-driven outflow that produces a wind of ionised gas from the nuclear AGN. Since Mrk 622 is a triple peaked source, it is also possible that a jet-driven outflow is responsible of the dynamics of the ionised gas in each of the three components. This scenario has been proposed to the nearby Sy 2 galaxy NGC 3393, a candidate previously claimed to be a binary AGN where the two SMBHs are separated by 150 pc (Fabbiano et al. 2011 ). This object is now proposed to harbor a pair of nuclear radio jets (Finlez et al. 2018) .
In our analysis of the inner NLR, we assume photoionisation as the dominant ionisation mechanism, which we postulate might be caused by an earlier phase of intense AGN activity. Since no AGN continuum nor a BLR are currently detected, we speculate that a delay in light-travel propagation of the ionising continuum might be the explanation. We propose that the current line variability might be caused by the propagation of an ionising front that has originated during an earlier phase of high AGN luminosity. An alternative possibility is that the emission results from shocks induced in the surrounding dense gas by relativistic jets. Either excitation mechanism requires a dense and very compact emission region otherwise, if the NLR gas was spherically distributed, the line intensity variations would be smoothed out over centuries rather than decades owing to light-travel time effects.
The optical spectra show that both the intensity of the NLR lines and the continuum have increased in brightness by about 45% in a time-span of 13 years. The estimated radial extent of the NLR emission is 2.7 pc (using the BL05 approach). Yet its geometrical distribution must be very compact and of unusually high density ∼3.5 × 10 6 cm −3 in order to account for the line variability. The estimated light-crossing time separating the active nucleus from the NLR gas is 8.7 years. The origin of the variations require the propagation of an ionising front across the distinct NLR components.
The brightness surface analysis done for the HST NIR image of Mrk 622 shows that it has a pseudobulge, faint spiral arms and a bar-like structure. The analysis done in this work shows that the host galaxy can be classified as an (R)SB(rs)b in which a pseudo-ring has formed in the inner Lindblad resonance. Elmegreen et al. (1992) finds that barred-galaxies easily destroy rings or convert them in pseudo-rings due to interactions. However, results of the modelling of the NIR HST image suggest that the galaxy has already finished its relaxation process, since there is no evidence of tidal tails.
On the other hand, since up to now there is only one observation in the X-ray bands of Mrk 622, it is not possible to explore the possibility of having a CL AGN in the nucleus of Mrk 622. The existing XMM -Newton data show hints of CT nature of the source but they are not conclusive. There is an accepted observation project of Mrk 622 with NuStar but has not been observed yet. New X-ray observations of Mrk 622 would allow us to investigate possible X-ray variation and also changes in line of sight obscuration, which could challenge its CT nature.
Also, it is important to continue monitoring the variations observed in the optical region to see if these changes would imply a CL AGN. Due to its light crossing time of 8.7 y, Mrk 622 is a good candidate for future multiwavelength variability monitoring programs.
The evolutionary scenario proposed for Mrk 622 is that it has captured a dwarf galaxy and underwent a minor merger in the past, that was initially responsible for the triggering of an intermediate-luminosity AGN, i.e., with L bol = 3.6 × 10 43 erg s −1 . Such interactions are usually expected in spiral galaxies leaving intact the disk (Aguerri et al. 2001) . The morphology of the host galaxy shows structures typical of secular evolution, but there are also evidences that support the late minor merger scenario, in particular the presence of pseudo-rings and the probable CT nature of Mrk 622. Recently, Ricci et al. (2017) suggest that dual-AGN with projected distance separations of <10 kpc are often found in Type II AGN due to huge amounts of obscuration carried towards the central region by a close galaxy encounter. Also, these authors demonstrate that the fraction of CT AGN is higher in late mergers.
The bolometric luminosity found analysing the X-ray (2-10 keV) data is L = 8.6 × 42 erg s −1 , i.e., < 2 × 10 44 erg s −1 , therefore Mrk 622 is an intermediate-luminosity CT AGN. These kind of AGN have a larger probability of being nuclear mergers (see Koss et al. 2018) . So, if Mrk 622 underwent a minor merger that initially triggered the AGN and consequently left huge amounts of obscuring material, it is now in a late evolutionary phase. Since the MIR luminosity is L M I R = 1.4×10 44 erg s −1 , the obtained luminosity of Mrk 622 is ∼10 10 L which indicates that it is a luminous MIR source, indicative of an obscured AGN (Heckman & Best 2014) .
In Figure 12 the spatial and structural results obtained in this multi-wavelength study are summarized. In Figure 12(a) the bar and faint spiral arms presented in Section 3 are shown for comparison. In Figure 12 (b) the 2-dimensional WHT long-slit spectrum of the [OIII]λ5007 line, showing the central, blue and red peaks presented in Paper I is shown. Note the spatial scale in the Y-axis and the spatial separation of 0.16 or 76 pc between the blue and red components. The three peaks are classified as sAGN in Section 2.1 using the WHAN diagram. The unresolved GTC/CanaryCam 11.6 µm image is shown in Figure 12 (c) and discussed in Section 4. On the right of Figure 12 are shown the VLA maps at 10 GHz (c.f., Sec. 6) of the core source and its faint SE and NW extensions at the top (Figure 12(d) ) and at the bottom (Figure 12(e) ) the spatially-smoothed core deconvolution into a ∼82 mas × 41 mas and PA = 70 • (34 pc × 17 pc) core plus faint and multiple components along the same 70 • PA. It is worth to note that the separation of 76 pc between the blue and red spectral components is in agreement with the size of the core VLA source.
Very long baseline interferometry (VLBI) observations are also required to resolve the morphology of the radio core source, but the possibility of multiple components (the central one tracing an AGN) and four additional ones tracing one or two AGN inner jets would be of great interest. The VLA data at 10 GHz show an elongated core AGN with a size of 82±13 mas × 41± 20 mas and P A ∼ 70 • , which at the distance of Mrk 622 corresponds to < 4 pc. So the AGN radio core is inside the central SMBHs influence radius r G = 4.3 pc.
The data analysed in this work does not allow us to completely rule out the uncoalesced binary SMBHs scenario for Mrk 622, since the separation of the assumed binary SMBHs could be much smaller (<1 pc) than what has been so far resolved, similar to what has been found for the Seyfert interacting galaxy NGC 7674 (Mrk 533) (Kharb et al. 2017a ). So, Mrk 622 is a candidate for a sub-pc binary SMBHs system. 
